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Description 

Device and Method for Measuring and 
Controlling Bale Length 

Background of Invention 
[000 1 ] 1. Field of the Invention. 

[0002] The invention relates to a device and a method for deter- 
mining and controlling the bale length on a pick-up baler 
for agricultural harvested material, wherein the device 
comprises a pick-up device, a conveying device, with or 
without cutting device, arranged downstream of the pick- 
up device for conveying the harvested material to a feed 
channel, a conveying action for the harvested material 
that is controlled as a function of the degree of filling of 
the feed channel for conveying the harvested material 
from the feed channel into a pressing channel by means 
of a feed stroke, a pressing piston arranged within the 
pressing channel and movable in a reciprocating fashion 
for compacting the harvested material, as well as a tying 
device for tying the finished bale with tying material. 



[0003] 2. Description of the Related Art. 

[0004] such pick-up balers are used to generate primarily rect- 
angular large-size, high-density bales of stalk material. It 
is particularly important in this connection that a uniform 
preset bale length is maintained for transport and storage 
of the bales and for a possible precise determination of 
the harvest yield. 

[0005] Several patent applications with proposed solutions for 
different devices for determining the bale length are 
known. In most cases, the length is determined by means 
of a measuring wheel that is embodied as a thumb wheel 
and is driven by the moving bale; it measures the bale 
length directly by a mechanical device or an electronic 
sensor connected thereto. After reaching a preset nominal 
value, the tying of the bale is triggered. In all these mea- 
suring devices, the precision of repeated measurements of 
the bale length is however unsatisfactory. Many factors 
regarding the material properties lead to different bale 
properties and behavior. In particular, the density of the 
harvested material and the restoring expansion of the 
bale have an effect on the measuring results because of 
slip and reverse rotation of the measuring wheel. A further 
imprecision of this bale length measurement action re- 



sides in that a bale growth is assumed for the last piston 
stroke of a bale that is triggered after the tying action has 
been initiated. However, this stroke, depending on the de- 
gree of filling of the pressing chamber, can actually vary 
extremely and, therefore, the bale length can vary also. 
[0006] | n the solution proposed in German patent 38 09 132 CI 
for measuring the bale length, the aforementioned disad- 
vantages of the direct length sensing on the bale by 
means of a measuring wheel are circumvented in that the 
stroke length of the pressing piston is used as a parame- 
ter for determining the bale length. In this connection, it 
is assumed that with each stroke of the pressing piston 
the achieved bale growth represents a constant value so 
that, based on this growth value per stroke and the num- 
ber of strokes of the pressing piston, the precise length of 
a bale can be determined. Since the bale growth per 
pressing piston stroke is only a theoretical value and since 
is known in practice that harvested materials to be pro- 
cessed cannot be compacted to the same degree, this 
method of measuring the bale length is also not precise 

enough. 
Summary of Invention 

[0007] it j S an object of the present invention to provide a device 



and a method for measuring and controlling the bale 
length of a pick-up baler of the aforementioned kind that 
ensures that a preset bale length is maintained as pre- 
cisely as possible. 

[0008] | n accordance with the present invention, this is achieved 
in connection with the device of the aforementioned kind 
in that the bale growth which results upon compression of 
the harvested material for each feed stroke from the feed 
channel into the press channel, is detected by at least one 
sensor and a signal correlated with the bale growth is 
supplied from the sensor to an electronic evaluation de- 
vice, wherein this signal is convertible into an averaged or 
operand and/or statistical operand, which operand is used 
for determining the required number of feed strokes for 
approximately reaching the preset nominal bale length 
and, after completion of the computed nominal number of 
feed strokes, triggers the binding device. 

[0009] | n accordance with the present invention, this is achieved 
for the method of the aforementioned kind in that for 
each feed stroke of the harvested material from the feed 
channel into the pressing channel and subsequent com- 
pression of the fed-in harvested material by means of the 
pressing piston a bale growth step is realized; wherein 



sensing means determine the bale growth for each feed 
stroke; and wherein an electronic evaluation device ac- 
quires the sensing values of the bale growth for each feed 
stroke and converts the sensing values into an average 
operand and/or statistical operand; wherein the electronic 
evaluation device, based on the average operand and/or 
statistical operand and at least the value of the preset 
nominal length of the bale calculates based on a se- 
lectable algorithm a value for the number of nominal feed 
strokes; wherein the electronic evaluation device com- 
pares the number of actual feed strokes with the number 
of nominal feed strokes and, upon reaching the number of 
nominal feed strokes, triggers the tying device. 

[0010] | n a pick-up baler of the aforementioned kind, the 

picked-up harvested material is collected in a feed chan- 
nel and pre-compressed until a pressure sensing device 
has determined a desired degree or filling and a control 
triggers conveying of the stored harvested material pack- 
age from the feed channel into a pressing channel by a 
feed stroke through a pressing channel intake that has 
been released prior to this by a retainer. 

[0011] with this advantageous method of filling the pressing 
channel, an optimal and uniform bale density and bale 



shape are provided. Independent of the swath size, the 
travel speed or other parameters, the harvested material 
package that is supplied to the pressing channel for an 
adjusted setting is always uniform and, in this way, the 
bale growth for each feed stroke is also uniform. This ad- 
vantage is used in the device of the present invention and 
the method of the present invention for determining and 
controlling the bale length in order to obtain therewith a 
bale length that is as precise and uniform as possible. A 
precise determination and control of the adjusted bale 
length is achieved because each bale growth is precisely 
measured, the resulting values are averaged over a certain 
number, and, based on this, the number of the required 
feed strokes for achieving the nominal bale length is cal- 
culated. 

[0012] | t j S particularly advantageous that all bale growth values 
of a bale are actually measured. In contrast to other 
known solutions, no theoretical value is used in the calcu- 
lation. 

Brief Description of Drawings 

[0013] pig. 1 shows schematically a pick-up baler according to 
the present invention provided with a sensor, an elec- 
tronic evaluation device, and an operating unit. 



Detailed Description 

[0014] The pick-up baler 1 illustrated schematically in the only 
drawing Fig. 1 is supported by wheels 2 on the ground 
and can be connected by means of a draw-bar or hitch 4 
to an agricultural tractor, not illustrated. The traveling di- 
rection is indicated by an arrow 5. The pick-up baler 1 
can also be designed as a self-propelled agricultural ma- 
chine having its own drive. The drive of the illustrated 
embodiment is realized by means of the power take-off 
shaft of the tractor vehicle via a cardan shaft (universal 
joint shaft) onto the input coupling or clutch 6 and is 
transmitted from there by means of the main gearbox 7 
and the crank gear 8 onto the pressing piston 9 that 
moves in a reciprocating fashion approximately horizon- 
tally in the longitudinal direction of the pick-up baler 1 
within the pressing channel 10 so that the harvested ma- 
terial 13 supplied via the pressing channel intake 11 from 
the feed channel 12 is compacted to a bale 14 that is sub- 
sequently tied by means of a tying device 15 with baler 
twine. 

[0015] By means of the main gear box 7, the rotary conveyor 16 
is also driven in rotation in the direction of the arrow. The 
illustrated rotary conveyor 16 has six rakes; five of the 



rakes are configured as simple conveying rakes 17. They 
convey the harvested material, for example, straw, hay, or 
wilted green fodder, picked up from the ground 3 by the 
pickup device 18, into the feed channel 12. The sixth rake 
serves moreover as a feeding rake 19 for conveying the 
harvested material 13 from the feed channel 12 through 
the pressing channel intake 11 into the pressing channel 
10. For this purpose, a control curve path (not illustrated) 
for this feed rake 19 is pivoted, depending on the degree 
of filling, from a conveying position into a feeding posi- 
tion. The degree of filling of the feed channel 12 is deter- 
mined by means of a retainer 20 that is arranged under- 
neath the pressing channel intake 11 and is connected to 
a pressure sensing device. Upon reaching a preselected 
degree of filling, the retainer 20 opens the pressing chan- 
nel intake 11 so that the feed stroke of the feed rake 19 
can be carried out. A synchronizing device ensures syn- 
chronization of the feed movement of the feed rake 19 
and of the movement of the pressing piston 9. The con- 
veying stroke therefore can be carried out only when the 
pressing piston 9 releases the pressing channel intake 11. 
[0016] otherwise, the retainer 20 prevents an uncontrolled pene- 
tration of harvested material from the feed channel 12 



into the pressing channel 10 and vice versa. In this way, it 
is ensured that always the same preselected amount of 
harvested material 13 for each feed stroke is supplied to 
the pressing channel 10. With this uniform harvested ma- 
terial supply into the pressing channel 10, the pick-up 
baler 1 according to the invention generates a bale 14 
that is particularly uniform with regard to density and 
shape. In the described embodiment of bale length deter- 
mination, a sensor including a thumb wheel 21 that posi- 
tively engages the bale 14 is provided. The thumb wheel 
21 is rotated by means of the advancing bale in a direc- 
tion opposite to the travel direction within the pressing 
channel 10. Already when doing so, the described uniform 
density and shape of the bale provides a significant ad- 
vantage relative to bales that are compressed with con- 
ventional pressing devices because the imprecision 
caused by slip is significantly reduced. The sensor com- 
prises sensing means (movement sensors) of a known 
configuration that record the rotational movement of the 
thumb wheel 21. The electronic evaluation device 22 ac- 
quires the sensor signals indicating the bale length and 
computes based on a certain number of measured values 
of bale growth an averaged or mean value of bale growth 



for each feed stroke of the harvested material 13 from the 
feed channel 12 into the pressing channel 10 and the 
subsequent compression of this quantity of harvested 
material by means of the pressing piston 9. Based on the 
averaged value and the value for the preset nominal bale 
length, the number of required feed strokes is calculated 
that is needed for reaching the nominal bale length. It is 
also conceivable to incorporate into this computation ad- 
ditional parameters or measured values, for example, in 
regard to properties of the harvested material or ma- 
chine-related data that can be measured by sensors, re- 
spectively. After carrying out the calculated nominal num- 
ber of feed strokes, tying of the bale by means of the ty- 
ing process of the tying device 15 that is triggered by the 
electronic evaluation device 22 is carried out. 
[0017] The special features of the method according to the in- 
vention for determining and controlling a bale length by 
means of computation based on averaged or mean values, 
possible outliers of the measured results caused by mea- 
suring errors or by possible sensing imprecision when 
passing from one bale to the next are smoothed and in 
this way the nominal bale length is achieved even more 
precisely. 



[0018] By controlling the bale length by means of the number of 
feed strokes and accordingly by means of the number of 
the very exact bale growth steps, after complete emptying 
of the pressing channel 10 the first bale is already gener- 
ated in accordance with the preset nominal length. After 
this first bale has reached the thumb wheel 21 upon cor- 
responding feeding in the longitudinal direction and the 
first bale growth values are then determined by the elec- 
tronic evaluation device 22, the feed strokes that have 
been carried out up to this point for this bale are incorpo- 
rated into the further computation of the nominal feed 
strokes. Since after each feed stroke actually a uniform 
bale growth is realized, this control according to the 
present invention is already as precise for the first bale as 
for all further bales. Since in this method now theoretical 
bale growth values that can actually vary from zero to a 
maximum are incorporated into the computation, as is the 
case in prior art methods and devices, it is moreover ad- 
vantageously possible according to the present method 
that a minimum length or a maximum length are preset 
and these values are actually not surpassed or undershot. 

[0019] Further embodiments of the proposed device for measur- 
ing and controlling the bale length are possible; for ex- 



ample, the determination of the bale growth is conceiv- 
able also by means of measuring the removed tying twine 
length between two feed strokes. 

[0020] Operation of the control can be realized from the tractor 
by a remote-control operating or control unit 23 that dis- 
plays the pre-set values and the operating states. 

[0021] while specific embodiments of the invention have been 

shown and de Inscribed in detail to illustrate the inventive 
principles, it will be understood that the invention may be 
embodied otherwise without departing from such princi- 
ples. 



